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(57) ABSTRACT

A pouch type secondary battery includes: an electrode
assembly having an electrode including a positive electrode
and a negative electrode and a separator laminated therein;
a battery case having a pouch shape to accommodate the
clectrode assembly; an electrode tab connected to the elec-
trode and protruding from one side of the electrode; a first
clectrode lead having one end connected to the electrode tab;
a second electrode lead having one end connected to the
other end of the first electrode lead and the other end
protruding to outside the battery case; and a connection part
bonding the first electrode lead to the second electrode lead
to connect the first and second electrode leads to each other,
wherein a {irst inclined surface 1s provided on at least one of
the other end of the first electrode lead and the one end of
the second electrode lead.
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1
POUCH TYPE SECONDARY BATTERY

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of the priority
of Korean Patent Application No. 10-2017-0109443, filed
on Aug. 29, 2017, which 1s hereby incorporated by reference
n 1ts entirety.

TECHNICAL FIELD

The present invention relates to a pouch type secondary
battery, and more particularly, to a pouch type secondary
battery 1n which, when a gas 1s generated 1 a case to
increase in pressure, a plurality of electrode leads are
reliably attached and detached to secure complete interrup-
tion of an electrical connection.

BACKGROUND ART

Batteries (cells) that generate electric energy through
physical or chemical reaction to supply the generated elec-
tric energy to the outside are used when AC power to be
supplied to the building 1s not obtained, or DC power 1s
required according to the living environments surrounded by
various electronic devices.

Among such batteries, primary batteries and secondary
batteries, which are chemical cells using chemical reaction,
are generally used. The primary batteries are consumable
cells which are collectively referred to as dry cells. On the
other hand, a secondary battery 1s a rechargeable battery that
1s manuiactured by using a material 1n which oxidation and
reduction processes between current and a material are
capable of being repeated many times.

In general, secondary batteries include nickel-cadmium
batteries, nickel-hydrogen batteries, lithium 1on batteries,
and lithium 10n polymer batteries. Such a secondary battery
1s being applied to and used 1n small-sized products such as
digital cameras, P-DVDs, MP3Ps, mobile phones, PDAs,
portable game devices, power tools, E-bikes, and the like as
well as large-sized products requiring high power such as
clectric vehicles and hybrid vehicles, power storage devices
for storing surplus power or renewable energy, and backup
power storage devices.

A lithium secondary battery 1s generally formed by lami-
nating a positive electrode (1.e., cathode), a separator, and a
negative electrode (i.e., anode). Also, maternals of the posi-
tive electrode, the separator, and the negative electrode may
be selected 1n consideration of battery lifespan, charging/
discharging capacities, temperature characteristics, stability,
and the like. The charging and discharging of the lithium
secondary battery are performed while lithium 1ons are
intercalated and deintercalated from lithium metal oxide of
the positive electrode to a graphite electrode of the negative
clectrode.

In general, unit cells, each of which has a three-layered
structure of a positive electrode/a separator/a negative elec-
trode or a five-layered structure of a positive electrode/a
separator/a negative electrode/a separator/a positive elec-
trode or a negative electrode/a separator/a positive elec-
trode/a separator/a negative electrode, are assembled to
constitute one electrode assembly. The electrode assembly 1s
accommodated 1n a specific case.

Such a secondary battery 1s classified mto a pouch type
secondary battery and a can type secondary battery accord-
ing to a material of a case accommodating the electrode
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assembly. In the pouch type secondary battery, an electrode
assembly 1s accommodated 1n a pouch made of a flexible
polymer material having a variable shape. Also, in the can
type secondary battery, an electrode assembly 1s accommo-
dated 1n a case made of a metal or plastic material having a
predetermined shape.

The secondary battery may be deteriorated in safety due
to various problems such as internal short circuit due to an
external impact, heat generation due to overcharging and
overdischarging, electrolyte decomposition due to the gen-
crated heat, and a thermal runaway phenomenon. Particu-
larly, explosion of the secondary battery 1s caused by various
causes. For example, an increase 1n gas pressure within the
secondary battery due to the decomposition of the electro-
lyte may also act as one cause.

Particularly, when the secondary battery 1s repeatedly
charged and discharged, a gas 1s generated by electrochemi-
cal reaction between the electrolyte and an electrode active
matenal. Here, the generated gas may allow the secondary
battery to increase 1n internal pressure to cause problems
such as weakening of bonding force between components,
damage of a case of the secondary battery, an early operation
ol a protection circuit, deformation of an electrode, internal
short circuit, explosion, and the like. Thus, in the case of the
can type secondary battery, a protection member such as a
CID filter and a safety vent 1s provided to physically
interrupt an electrical connection when an internal pressure
of a case 1ncreases. However, in the case of the pouch type
secondary battery according to the related art, the protection
member 1s not suthciently provided.

In recent years, an electrode lead 1s provided in plurality.
Thus, in the pouch type secondary battery, when the inside
of a case 1s expanded, technologies for physically interrupt-
ing an electrical connection such as interruption of connec-
tion between the plurality of electrode leads have been
proposed. However, in case in which the connection
between the plurality of electrode leads 1s not completely
interrupted, although the inside of the case 1s expanded,
clectricity may be still be produced from an electrode
assembly and then be supplied to the outside. Thus, since
current 1s not completely cut ofl, there 1s no guarantee that
the above problems are capable of being reliably solved.

DISCLOSURE OF THE INVENTION
Technical Problem

An object of the present invention 1s to provide a pouch
type secondary battery in which, when a gas 1s generated in
a case 1o 1ncrease 1n pressure, a plurality of electrode leads
are reliably attached and detached to secure complete inter-
ruption of an electrical connection.

The objects of the present invention are not limited to the
alforementioned object, but other objects not described
herein will be clearly understood by those skilled in the art
from descriptions below.

Technical Solution

To solve the above problem, a pouch type secondary
battery according to an embodiment of the present invention
includes: an electrode assembly including a positive elec-
trode and a negative electrode and a separator are laminated;
a battery case having a pouch shape to accommodate the
clectrode assembly; an electrode tab connected to the elec-
trode assembly and protruding from one side of the electrode
assembly; a first electrode lead having one end connected to
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the electrode tab; a second electrode lead having one end
connected to the other end of the first electrode lead and the

other end protruding to the outside of the battery case; and
a connection part bonding the first electrode lead to the
second electrode lead to connect the first and second elec-
trode leads to each other, wherein a first inclined surface 1s
provided on at least one of the other end of the first electrode
lead and the one end of the second electrode lead.

Also, the pouch type secondary battery may {further
include a step compensation part disposed on a side of the
other end of the first electrode lead.

Also, the step compensation part may be provided in
plurality.

Also, when the first inclined surface 1s provided on the
other end of the first electrode lead, each of the plurality of
step compensation parts may have one end contacting the
first inclined surface in a state in which the plurality of step
compensation parts are laminated, and the plurality of step
compensation parts may increase in length in order of the
lamination to correspond to an inclined angle of the first
inclined surface.

Also, the step compensation part may be integrally pro-
vided.

Also, when the first inclined surface 1s provided on the
other end of the first electrode lead, a second inclined
surface may be provided on one end of the step compensa-
tion part.

Also, the second inclined surface may correspond to an
inclined angle of the first inclined surface.

Also, the second inclined surface may contact the first
inclined surface.

Also, the step compensation part may have non-conduc-
tivity.

Also, the step compensation part may have a thickness
corresponding to the sum of a thickness of the first electrode
lead and a thickness of the connection part.

Also, the first inclined surface may have an obtuse angle
with respect to a bonding surface on which the first electrode
lead and the second electrode lead are bonded to each other
through the connection part.

Also, the pouch type secondary battery may further
include an 1nsulation part surrounding a portion of each of
the first and second electrode leads to allow the first and
second electrode leads to be bonded to the battery case.

Also, bonding force between each of the first and second
clectrode leads and the connection part may be less than that
between each of the first and second electrode leads and the
insulation part.

Also, the mnsulation part may surround a portion at which
the first and second electrode leads are connected to each
other through the connection part.

Also, the mnsulation part may be made of at least one of
thermoplastic, thermosetting and photocurable resins having
clectrical msulation properties.

Also, the connection part may be made of a conductive
polymer including a conductive matenal.

Also, the connection part may have a thickness of 1 um
to 500 um.

Particularities of other embodiments are included in the
detailed description and drawings.

Advantageous Ellects

The embodiments of the present invention may have at
least the following eflects.

Since the first inclined surface 1s formed on at least one of
the other end of the first electrode lead and one end of the
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second electrode lead, the first and second electrode leads
may be reliably detached to secure the complete interruption
of the electrical connection.

In addition, the step compensation part may be disposed
on the side of the other end of the first electrode lead to
reduce the height of the stepped portion, thereby preventing
the bonding force between the insulation part and the
clectrode lead from decreasing without increasing in number
of processes.

The eflects of the prevent invention are not limited by the
alorementioned description, and thus, more varied eflects
are mvolved 1n this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an assembled view of a pouch type secondary
battery according to an embodiment of the present inven-
tion.

FIG. 2 1s a perspective view 1llustrating a state in which
the pouch type secondary battery 1s completely assembled.

FIG. 3 1s a perspective view 1llustrating a state in which
the pouch type secondary battery 1s expanded in volume
according to an embodiment of the present imvention.

FIG. 4 1s a partial cross-sectional view taken along line
A-A' of FIG. 2 1n the pouch type secondary battery accord-
ing to an embodiment of the present invention.

FIG. 5 1s a partial cross-sectional view taken along line
A-A' of FIG. 2 1n the state in which the pouch type
secondary battery 1s expanded in volume according to an
embodiment of the present invention.

FIG. 6 1s an enlarged view of a first electrode lead, a
second electrode lead, and a connection part according to the
related art 1n the state of FIG. 4.

FIG. 7 1s an enlarged view of the first electrode lead, the
second electrode lead, and the connection part according to
the related art in the state of FIG. 3.

FIG. 8 1s an enlarged view of a first electrode lead, a
second electrode lead, and a connection part 1n the state of
FIG. 4 according to an embodiment of the present invention.

FIG. 9 1s an enlarged view of the first electrode lead, the
second electrode lead, and the connection part in the state of
FIG. 5 according to an embodiment of the present invention.

FIG. 10 1s an enlarged view of a first electrode lead, a
second electrode lead, and a connection part in the state of
FIG. 4 according to another embodiment of the present
invention.

FIG. 11 1s an enlarged view of a first electrode lead, a
second electrode lead, and a connection part in the state of
FIG. 4 according to further another embodiment of the
present mvention.

FIG. 12 1s an enlarged view of a first electrode lead, a
second electrode lead, and a connection part 1n the state of
FIG. 4 according to an additional embodiment of the present
invention.

MODE FOR CARRYING OUT THE INVENTION

Advantages and features of the present disclosure, and
implementation methods thereol will be clarified through
following embodiments described with reference to the
accompanying drawings. The present invention may, how-
ever be embodied 1n different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present mvention to those skilled in the art.
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Further, the present invention 1s only defined by scopes of
claiams. Like reference numerals refer to like elements
throughout.

Unless terms used in the present ivention are defined
differently, all terms (ncluding technical and scientific 5
terms) used herein have the same meaning as generally
understood by those skilled 1n the art. Also, unless defined
clearly and apparently in the description, the terms as
defined 1n a commonly used dictionary are not ideally or
excessively construed as having formal meaning. 10

In the following description, the technical terms are used
only for explaining a specific exemplary embodiment while
not limiting the mventive concept. In this specification, the
terms of a singular form may comprise plural forms unless
specifically mentioned. The meaning of ‘comprises” and/or 15
“comprising’ does not exclude other components besides a
mentioned component.

Hereinafter, preferred embodiments will be described in
detail with reference to the accompanying drawings.

FIG. 1 1s an assembled view of a pouch type secondary 20
battery 1 according to an embodiment of the present inven-
tion, and FIG. 2 1s a perspective view illustrating a state in
which the pouch type secondary battery 1 1s completely
assembled.

In general, in a process of manufacturing a lithium 25
secondary battery, first, slurry 1n which an electrode active
material, a binder, and a plasticizer are mixed with each
other 1s applied to a positive electrode collector and a
negative electrode collector to manufacture a positive elec-
trode plate and a negative electrode plate. Thereafter, the 30
negative electrode collector and the positive electrode plate
are respectively laminated on both sides of a separator to
form an electrode assembly 10 having a predetermined
shape, and then, the electrode assembly 1s 1nserted into a
battery case 13, an electrolyte 1s injected, and a sealing 35
process 1s performed.

As 1llustrated mm FIG. 1, the electrode assembly 10
includes an electrode tab 11. The electrode tab 11 1s con-
nected to each of a positive electrode and a negative elec-
trode of the electrode assembly 10 to protrude to the outside 40
of the electrode assembly 10, thereby providing a path,
through which electrons moves, between the inside and
outside of the electrode assembly 10. A collecting plate of
the electrode assembly 10 1s constituted by a portion coated
with an electrode active material and a distal end, on which 45
the electrode active material 1s not applied, 1.e., a non-
coating portion. Also, the electrode tab 111 may be formed
by cutting the non-coating portion or by connecting a
separate conductive member to the non-coating portion
through ultrasonic welding. As illustrated 1n FIG. 1, the 50
clectrode tabs 11 may protrude from one side of the elec-
trode assembly 10 in the same direction, but the present
invention 1s not limited thereto. For example, the electrode
tabs 11 may protrude in directions diflerent from each other.

In the electrode assembly 10, the electrode lead 12 1s 55
connected to the electrode tab 11 through spot welding. The
clectrode lead 12 according to an embodiment of the present
invention 1s provided in plurality. Also, 1n the plurality of
clectrode leads 12, a first electrode lead (see reference
numeral 12a of FIG. 4) 1s connected to the electrode tab 11 60
of the electrode assembly 10, and a second electrode lead
(see reference numeral 126 of FIG. 4) protrudes to the
outside of a battery case 13. The first and second electrode
leads 12a and 125 will be described below 1n detail. Also, a
portion of the electrode lead 12 i1s surrounded by an 1nsu- 65
lation part 14. The msulation part 14 may be disposed to be
limited within a sealing part, at which an upper pouch 131

6

and a lower pouch 132 are thermally fused, so that the
clectrode lead 12 1s bonded to the battery case 13. Also,
clectricity generated from the electrode assembly 10 may be
prevented from tlowing to the battery case 13 through the
clectrode lead 12, and the sealing of the battery case 13 may
be maintained. Thus, the insulation part 14 may be made of
a nonconductor having non-conductivity, which 1s not elec-
trically conductive. In general, although an insulation tape
which 1s easily attached to the electrode lead 12 and has a
relatively thin thickness 1s mainly used as the msulation part
14, the present invention 1s not limited thereto. For example,
various members may be used as the insulation part 14 as
long as the members are capable of insulating the electrode
lead 12.

The electrode lead 12 may extend 1n the same direction or
extend 1n directions different from each other according to
the formation positions of the positive electrode tab 111 and
the negative electrode tab 112. The positive electrode lead
121 and the negative electrode lead 122 may be made of
materials different from each other. That 1s, the positive
clectrode lead 121 may be made of the same material as the
positive electrode plate, 1.e., an aluminum (Al) material, and
the negative electrode lead 122 may be made of the same
material as the negative electrode plate, 1.e., a copper (Cu)
material or a copper material coated with nickel (IN1). Also,
a portion of the electrode lead 12, which protrudes to the
outside of the battery case 13, may be provided as a terminal
part and electrically connected to an external terminal.

In the pouch type secondary battery 1, the battery case 13
may be a pouch made of a flexible material. Also, the battery
case 13 accommodates the electrode assembly 10 so that a
portion of the electrode lead 12, 1.e., the terminal part 1s
exposed and then 1s sealed. As illustrated in FIG. 1, the
battery case 13 includes the upper pouch 131 and the lower
pouch 132. A space in which the electrode assembly 10 1s
accommodated may be provided in the lower pouch 132, and
upper pouch 131 may be disposed on the space to cover the
space so that the electrode assembly 10 1s not separated to
the outside of the battery case 13. As illustrated in FIG. 1,
the upper pouch 131 and the lower pouch 132 may be
separately provided, but the present invention 1s not limited
thereto. For example, the upper pouch 131 and the lower
pouch 132 may be manufactured through various manners,
that 1s, one side of the upper pouch 131 and one side of the
lower pouch 132 may be connected to each other.

When the electrode lead 12 1s connected to the electrode
tab 11 of the electrode assembly 10, and the 1nsulation part
14 1s provided on a portion of the electrode lead 12, the
clectrode assembly 10 may be accommodated 1n the space
provided 1n the lower pouch 132, and the upper pouch 131
may cover an upper portion of the space. Also, when the
clectrolyte 1s 1njected, and the sealing part provided on an
edge of each of the upper pouch 131 and the lower pouch
132 1s sealed to manufacture the secondary battery 1 as
illustrated i FIG. 2.

FIG. 3 1s a perspective view 1llustrating a state 1n which
the pouch type secondary battery 1 1s expanded in volume
according to an embodiment of the present imvention.

The battery case 13 according to an embodiment of the
present mvention may be preferably a pouch made of a
flexible maternial. Hereinalter, the case in which the battery
case 13 1s the pouch will be described.

In general, the battery case 13 accommodating the elec-
trode assembly 10 includes a gas barrier layer and a sealant
layer. The gas barrier layer blocks introduction and dis-
charge of a gas, and aluminum (Al) fo1l 1s mainly used as the
gas barrier layer. The sealant layer 1s disposed in the
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innermost layer and directly contacts the electrode assembly
10. Also, polypropylene (PP) or the like 1s mainly used for
the sealant layer. Also, a surface protection layer may be
turther provided on an upper portion of the gas barrier layer.
The surface protection layer may be disposed 1n the outer-
most layer and cause Iriction and collision often with the
outside. Thus, a nylon resin or PET, which mainly has
abrasion resistance and heat resistance, 1s used for the
surface protection layer.

The pouch type battery case 13 may be manufactured by
processing a film having the above-described lamination
structure into the form of a bag. Thus, when the electrode
assembly 10 1s accommodated 1n the pouch type battery case
13, the electrolyte 1s 1njected. Therealter, when the upper
pouch 131 and the lower pouch 132 may contact each other,
and thermal compression 1s applied to the sealing part, the
sealant layers may be bonded to each other to seal the battery
case 13. Here, since the sealant layer directly contacts the
clectrode assembly 10, the sealant layer may have to have
insulating properties. Also, since the sealant contacts the
clectrolyte, the sealant layer may have to have corrosion
resistance. Also, since the inside of the battery case 13 1s
completely sealed to prevent materials from moving
between the inside and outside of the battery case 13, high
sealability has to be realized. That i1s, the sealing part on
which the sealant layers are bonded to each other has to have
superior thermal bonding strength. In general, a polyolefin-
based resin such as polypropylene (PP) or polyethylene (PE)
may be used for the sealant layer. Particularly, polypropyl-
ene (PP) 1s excellent 1n mechanical properties such as tensile
strength, rigidity, surface hardness, abrasion resistance, and
heat resistance and chemical properties such as corrosion
resistance and thus 1s mainly used for producing the sealant
layer.

Generally, 1n the electrode assembly 10, the charging and
discharging are performed by oxidation and reduction reac-
tions. Here, an electrochemical reaction between the elec-
trolyte and the electrode active material generates a gas to
some degree. Furthermore, an abnormally more gas may be
generated by overcharging or short-circuiting due to an
abnormal reaction in the electrode assembly 10. However,
since all the respective layers are made of flexible material
in the pouch type battery case 13, 1f the internal pressure of
the battery case 13 increases, the pouch type secondary
battery 1 1s expanded in volume as illustrated in FIG. 3.
Recently, techmiques i which the electrode lead 12 1is
provided in plurality to physically iterrupt the electrical
connection such as interruption of the connection between
the plurality of electrode leads 12 when the secondary
battery 1 1s expanded in volume have been proposed.
However, 11 the connection between the plurality of elec-
trode leads 12 1s not completely interrupted, electricity 1s
still produced from the electrode assembly 10, and power 1s
supplied to the outside. Thus, the above problems may not
be surely solved.

FIG. 4 1s a partial cross-sectional view taken along line
A-A' of FIG. 2 in the pouch type secondary battery 1
according to an embodiment of the present invention.

In the pouch type secondary battery 1 according to an

embodiment of the present invention, as illustrated 1n FIG.
4, the electrode lead 12 1s provided 1n plurality. That 1s, the
clectrode lead 12 includes a first electrode lead 12a con-
nected to the electrode tab 11 of the electrode assembly 10
and a second electrode lead 125 protruding to the outside of
the battery case 13. Also, one surface of the first electrode
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lead 12a and one surface of the second electrode lead 125
are bonded to each other through a connection part 15 and
thus connected to each other.

The connection part 15 connecting the first and second
clectrode leads 12a and 1256 to each other may have a thin
film shape having conductivity. Particularly, 1t 1s preferable
that the connection part 15 has a very thin thickness of 1 um
to 500 um. Thus, even though the first and second electrode
leads 12a and 125 form a stepped portion therebetween, a
s1ze of the stepped portion may not be excessively large, and
the electricity generated from the electrode assembly 10 may
be easily discharged to the outside. For this, the connection
part 15 may be made of a polymer that i1s a conductive
material.

The conductive matenial may include at least one of:
natural or artificial graphite; carbon black such as carbon
black, acetylene black, Ketjen black, channel black, furnace
black, lamp black, and summer black; conductive fiber such
as carbon fiber or metal fiber; metal powders such as carbon
fluoride, aluminum, nickel, gold, silver, and copper powder;
powder having a core/shell structure coated with a diflerent
kind of metal on one kind of metal; conductive whiskey such
as zinc oxide and potassium titanate; conductive metal oxide
such as titanium oxide; and conductive materials such as
polyphenylene derivatives.

The polymer may include at least one of an acrylic resin,
an epoxy resin, an ethylene propylene diene monomer
(EPDM) resin, a chlorinated polyethylene (CPE) resin,
silicone, polyurethane, an urea resin, a melamine resin, a
phenol resin, an unsaturated ester resin, polypropylene (PP),
polyethylene (PE), polyimide, and polyamide, and most
preferably, an acrylic resin.

As described above, a portion of the electrode lead 12 1s
surrounded by the msulation part 14. In a process of sealing
the upper pouch 131 and the lower pouch 132, a relatively
high pressure may be applied to a portion contacting the
clectrode lead 12 to damage the sealant layer of the battery
case 13. Since the sealant layer directly contacts the elec-
trode assembly 10 as described above, the sealant layer may
have insulating properties. However, if the sealant layer 1s
damaged, the electricity may flows to the battery case 13
through the electrode lead 12. Particularly, since the gas
barrier layer of the battery case 13 1s made of a metal such
as aluminum, i1t the sealant layer 1s partially damaged to
expose the gas barrier layer, the electricity may easily tlow
due to the contact with the electrode lead 12.

Thus, the mnsulation part 14 may be made of a noncon-
ductor having non-conductivity, which 1s not electrically
conductive. Also, the msulation part 14 has high mechanical
strength and heat resistance. Thus, when the upper pouch
131 and the lower pouch 132 are thermally fused, the
insulation part 14 may be maintained in shape to prevent the
clectrode lead 12 and the gas barrier layer from contacting
cach other even through a portion of the sealant layer is
damaged. Thus, the electricity generated from the electrode
assembly 10 may be prevented from flowing to the battery
case 13 through the electrode lead 12. Also, the insulation
part 14 has high bonding force. Thus, the insulation part 14
may be disposed to be limited within a sealing part, at which
the upper pouch 131 and the lower pouch 132 are thermally
fused, so that the electrode lead 12 1s bonded to the battery
case 13. In general, the msulating portion 14 may be made
of at least one of thermoplastic, thermosetting and photo-
curable resins having electrical insulation properties as a
polymer resin. In general, although an insulation tape which
1s easily attached to the electrode lead 12 and has a relatively
thin thickness 1s mainly used as the insulation part 14, the
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present invention 1s not limited thereto. For example, vari-
ous members may be used as the msulation part 14 as long
as the members are capable of insulating the electrode lead
12.

As 1llustrated i FIG. 4, the insulation part 14 may
surround all of the first electrode lead 124, the connection
part 15, and the second electrode lead 12b. If the first
clectrode lead 12a or the connection part 15 1s not sur-
rounded by the insulation part 14, repulsive force may not be
applied to the first electrode lead 124 and the second
clectrode lead 126 even though the battery case 13 1is
expanded. The repulsive force will be described below 1n
detaul.

As described below, when the battery case 13 1s normal,
the first and second electrode leads 12a and 1256 have to be
stably connected to each other. When the secondary battery
13 1s expanded, the first and second electrode leads 124 and
126 have to be easily detached from each other. Thus, it 1s
preferable that the first and second electrode leads 12a and
126 are disposed on different planes so that upper and lower
surfaces thereof are connected to each other instead that the
first and second electrode leads 12a and 125 are disposed on
the same plane so that side surfaces thereof are connected to
cach other. However, as illustrated in FIG. 4, the stepped
portion may be provided on the portion at which the first and
second electrode leads 12a and 125 are connected to each
other, and thus, the bonding force between the insulation
part 14 and the electrode lead 12 may be reduced. As a result,
to reduce the height of the stepped portion, a step compen-
sation part (see reference numeral 16 of FIG. 8) 1s provided.
The step compensation part 16 will be described below 1n
detail.

FIG. 5 1s a partial cross-sectional view taken along line
A-A' of FIG. 2 in the state in which the pouch type
secondary battery 1s expanded in volume according to an
embodiment of the present invention.

As described above, when the internal pressure of the
pouch type secondary battery 13 increases, the pouch type
secondary battery 1 1s expanded in volume. Thus, as 1llus-
trated 1n FIG. 5, an outer wall of the battery case 13 moves
outward. Here, upper and lower walls of the outer wall of the
battery case 13 may have an area greater than that of the
sidewall and be not sealed, resulting 1n higher flexibility.
Thus, the upper wall of the battery case 13 may move
upward, and the lower wall of the battery case 13 may move
downward.

When the secondary battery 1 1s expanded 1n volume, as
illustrated 1n FIG. 5, the outer wall of the battery case 13
may move outward to apply the repulsive force to the first
clectrode lead 12a and the second electrode lead 1256
through the mnsulation part 14. Thus, as the internal pressure
of the battery case 13 gradually increases, the moving force
of the outer wall of the battery case 13 may more increase,
and the repulsive force applied to the first electrode lead 12a
and the second electrode lead 1256 may more increase. When
the bonding force between the first electrode lead 12a and
the second electrode lead 1256 1s greater than the repulsive
force, as 1llustrated 1n FIG. 5, the first electrode lead 12a and
the second clectrode lead 12b may be detached from each
other. Thus, the electrical connection may be iterrupted so
that the electricity does not flow ever. However, the bonding,
force between the first and second electrode leads 12a and
126 and the connection part 15 may be less than that
between the first and second electrode leads 12aq and 1256 and
the insulation part 14. Thus, when the repulsive force 1s
applied to the first electrode lead 124 and the second
clectrode lead 125, the bonding force between the first and
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second electrode leads 12a and 1256 and the insulation part
14 may be maintained to maintain the sealing of the battery
case 13, but the first and second electrode leads 12a and 1256
may be detached from each other.

According to an embodiment of the present invention,
when the mternal pressure of the battery case 13 increases,
the first electrode lead 12a and the second electrode lead 1256
are completely detected from each other. Also, to completely
detach the first and second leads 12a and 126 from each
other, one end of at least one electrode lead 12 may have a
first inclined surface (see reference numeral 17 of FIG. 8).
The first inclined surface 17 will be described below 1n
detail.

FIG. 6 1s an enlarged view of a first electrode lead 1204,
a second electrode lead 1205, and a connection part 15
according to the related art in the state of FIG. 4, and FIG.
7 1s an enlarged view of the first electrode lead 120q, the
second electrode lead 1205, and the connection part 15
according to the related art in the state of FIG. 5.

As described above, when a gas 1s generated 1n a battery
case 13, an internal pressure of a secondary battery 1 may
increase to cause weakening of bonding force between
components, damage of the case of the secondary battery 1,
an early operation of a protection circuit, deformation of an
clectrode, internal short circuit, explosion, and the like. To
solve these problems, the electrode lead 12 includes a first
clectrode lead 12a connected to an electrode tab 11 of an
clectrode assembly 10 and a second electrode lead 125
protruding to the outside of the battery case 13. Also, one
surtace of the first electrode lead 12a and one surface of the
second electrode lead 1256 are bonded to each other through
a connection part 15 and thus connected to each other. Here,
the first electrode lead 12a has one end connected to the
clectrode tab 11 and the other end connected to the second
electrode lead 1254. Also, the second electrode lead 1256 has
one end connected to the outer end of the first electrode lead
12a and the other end protruding to the outside of the battery
case 13. Thus, the other end of the first electrode lead 12a
and the one end of the second electrode lead 1256 are
connected to each other through a connection part 15. Also,
it 1s preferable that the first and second electrode leads 12a
and 125 are disposed on diflerent planes so that upper and
lower surfaces thereof are connected to each other.

However, as illustrated in FIG. 6, an inclined surface 1s
not provided on each of the other end of the first electrode
lead 120a and the one end of the second electrode lead 1204,
through which the first and second electrode leads 120a and
1206 are connected to each other. Thus, when a gas 1s
generated in the battery case 13 to sufliciently expand the
battery case 13, the first and second electrode leads 120q and
1206 have to be completely detected from each other.
However, as illustrated 1in FIG. 7, the other end of the first
clectrode lead 120a 1s still 1n contact with the second
clectrode lead 1205. If the connection between the plurality
of electrode leads 12 1s not completely interrupted, electric-
ity 1s still produced from the electrode assembly 10, and
power 1s supplied to the outside. Thus, the above problems
may not be surely solved.

FIG. 8 1s an enlarged view of a first electrode lead 124, a
second electrode lead 125, and a connection part 15 in the
state of FIG. 4 according to an embodiment of the present
invention, and FIG. 9 1s an enlarged view of the first
electrode lead 12a, the second electrode lead 124, and the
connection part 15 1n the state of FIG. 5 according to an
embodiment of the present invention.

As 1llustrated 1n FIG. 8, the other end of the first electrode
lead 12a according to an embodiment of the present inven-
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tion includes a first inclined surface 17. Here, the first
inclined surface 17 may have an obtuse angle with respect
to the bonding surface on which the first electrode lead 124
1s bonded to the first electrode lead 125 through the con-
nection part 15. That 1s, the bonding surface of the first
clectrode lead 124 may have a length greater than an
opposite surface that 1s disposed at an opposite side and
connected to the insulation part 14. Thus, when the internal
pressure ol the battery case 13 increases to be expanded, as

illustrated 1 FIG. 9, the second electrode lead 126 may be
bent outward to reliably detach the first and second electrode
leads 12a and 126 from each other (here, the ‘detach’ may
mean that an adsorbed or attached part 1s separated). That 1s,
the complete interruption of the electrical connection
between the first and second electrode leads 12a and 1254
may be secured. On the other hand, an opposite surface of
the bonding surface may have a length greater than that of
the bonding surface. Thus, the bonding force between the
first electrode lead 124 and the insulation part 14 may not be
significantly reduced.

As described above, when the battery case 13 1s normal,
the first and second electrode leads 12a and 1256 have to be
stably connected to each other to stably supply the electricity
generated from the electrode assembly 10 to the outside. On
the other hand, when the battery case 13 1s expanded, the
first and second electrode leads 12a and 126 have to be
casily detached from each other to interrupt the electrical
connection therebetween. Thus, 1t 1s preferable that the first
and second electrode leads 12a and 126 are disposed on
different planes so that upper and lower surfaces thereof are
connected to each other instead that the first and second
clectrode leads 124 and 1254 are disposed on the same plane
so that side surfaces thereol are connected to each other.

However, a stepped portion may be provided at a portion,
at which the first and second electrode leads 12aq and 126 are
connected to each other, by a diflerence 1n thickness between
the first and second electrode leads 12a and 125 even though
the connection part 15 has a thin thickness. However, the
insulation part 14 may include the portion at which the first
and second electrode leads 12a and 125 are connected to
cach other to surround a portion of the electrode lead 12.
Here, the bonding force between the msulation part 14 and
the electrode lead 12 may be reduced by the formed stepped
portion. As a result, the sealing of the battery case 13 may
not be maintained, and thus, the electrolyte injected into the
battery case 13 may leak to the outside. To solve this
problem, a techmque of performing the sealing process
twice while surrounding the portion, at which the stepped
portion 1s formed, by the insulation part 14 1s proposed.
Thus, since the process 1s performed twice, the process may
be cumbersome and increase 1n number.

Thus, according to an embodiment of the present inven-
tion, as illustrated in FIG. 8, to reduce the height of the
stepped portion, a step compensation part 16 1s provided at
a side of the other side of the first electrode lead 12a. When
the step compensation part 16 1s provided 1n plurality, all the
step compensation parts 16a and 165 are laminated 1n
parallel to each other. Also, the laminated step compensation
parts 16 may have a thickness corresponding to the sum of
a thickness of the first electrode lead 12a and a thickness of
the connection part 15. Here, 1t 1s preferable that the corre-
spondence means that the thickness of the step compensa-
tion part 16 1s the same as the sum of the thickness of the first
clectrode lead 124 and the thickness of the connection part
15. Also, even though there 1s some difference in thickness
in the process, the correspondence may mean that the
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difference 1s within an error range to minimally reduce the
height of the stepped portion.

As described above, the step compensation part 16 may be
disposed at a side of the other end of the first electrode lead
12a to reduce the height of the stepped portion, thereby
reducing the bonding force between the insulation part 14
and the electrode lead 12 without increasing 1n number of
Processes.

Here, to prevent a gap from being generated between the
step compensation part 16 and the first electrode lead 124,
it 1s preferable that the step compensation part 16 contacts
the other end of the first electrode lead 12a. If the step
compensation parts 16a and 165 are provided in plurality,
and the first inclined surface 17 1s formed on the other end
of the first electrode lead 12a, as 1illustrated in FIG. 8, one
end of each of the step compensation parts 16a and 165
contacts the first inclined surface 17 while the step compen-
sation parts 16a and 165 are laminated. Also, the plurality of
step compensation parts 16a and 166 may have lengths that
gradually increase in an order of the lamination thereof with
respect to an mclined angle of the first inclined surface 17.
That 1s, 1t 1s preferable that one end of one of the plurality
of step compensation parts 16a and 165 protrudes from one
end of the other one to form a stepped shape, and all the
other ends of the step compensation parts 16a and 165 are
disposed on the same plane.

To prevent the electricity transmitted from the first elec-
trode lead 12a from leaking to the outside, it 1s preferable
that the step compensation part 16 1s made of a nonconduc-
tor having non-conductivity, which 1s not electrically con-
ductive.

FIG. 10 1s an enlarged view of a first electrode lead 124,
a second electrode lead 125, and a connection part 15 1n the
state ol FIG. 4 according to another embodiment of the
present 1nvention.

The step compensation parts 16a and 165 according to an
embodiment of the present invention are provided 1n plu-
rality so as to be laminated, and an end of each of the step
compensation parts 16a and 165 contacts a first inclined
surface 17 provided on the other end of the first electrode
lead 12a. However, since the inclined surface 1s not provided
on each of the step compensation parts 16a and 165, 1n the
plurality of step compensation parts 16a and 165, one end of
cach of the step compensation parts 16a and 165 further
protrudes than the other end to form a stair shape. However,
according to another embodiment of the present invention,
a second 1nclined surface 18 1s provided on one end of each
of a plurality of step compensation parts 16¢ and 16d. Also,
the second inclined surfaces 18 of the step compensation
parts 16¢c and 164 have the same inclined angle, and the
inclined angle of each of the second inclined surface 18
corresponds to the inclined angle of the first inclined surface
17. Here, 1t 1s preferable that the correspondence means that
the mclined angle of the second inclined surface 18 1s the
same as that of the first inclined surtace 17, but the difler-
ence 1s within an error range even though some diflerence 1n
angle occurs. Thus, as illustrated i FIG. 11, when the step
compensation part 16 1s disposed on the same plane as the
first electrode 12a at a side of the other end of the first
clectrode lead 12a, 1t 1s preferable that the first inclined
surface 17 provided on the other end of the first electrode
lead 12a and the second inclined surface 18 provided on one
end of the step compensation part 16 come nto surface
contact with each other, but not come into line contact with
cach other. Thus, even though one end of one of the plurality
ol step compensation parts 16¢ and 164 further protrudes
than one end of the other of the plurality of step compen-
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sation parts 16¢ and 16d, the second inclined surfaces 18
may have the same plane shape, but do not have the stair
shape. Thus, the gap between the first electrode lead 12a and
the step compensation part 16 may be more reduced to
reduce possibility of separation of the step compensation
part 16.

FIG. 11 1s an enlarged view of a first electrode lead 12a,
a second electrode lead 125, and a connection part 15 1n the
state of FI1G. 4 according to further another embodiment of
the present invention.

A step compensation part 16e according to further another
embodiment of the present invention may not be provided 1n
plurality but provided to be integrated as one step compen-
sation part 16e. Thus, since 1t 1s unnecessary to perform a
process of laminating the step compensation part 16, the
number of processes may be reduced. Also, when the second
inclined surfaces 18 are provided, since it 1s unnecessary to
adjust the second 1nclined surfaces 18 to be disposed at the
same plane, the manufacturing process may be more sim-
plified, and also, an occurrence of a defect rate may be
reduced. That 1s, according to various embodiments of the
present invention, although the step compensation part 16 1s
provided in plurality, the present invention 1s not limited
thereto. For example, only one step compensation part 16
may be provided.

FIG. 12 1s an enlarged view of a first electrode lead 12c,
a second electrode lead 124, and a connection part 135 in the
state of FIG. 4 according to an additional embodiment of the
present invention.

As described above, the other end of the first electrode
lead 12a according to an embodiment of the present inven-
tion includes the first inclined surface 17. However, accord-
ing to further another embodiment of the present invention,
the first electrode lead 12¢ does not include the first inclined
surface 17a. On the other hand, as illustrated in FIG. 12, one
end of the second electrode lead 124 includes the first
inclined surtace 17a. Here, the first inclined surface 17a may
have an obtuse angle with respect to the bonding surface on
which the second electrode lead 124 1s bonded to the first
clectrode lead 12¢ through the connection part 15. That 1s,
the bonding surface of the second electrode lead 124 may
have a length greater than an opposite surface that 1s
disposed at an opposite side and connected to the isulation
part 14.

When the battery case 13 1s expanded, as illustrated in
FIG. 9, the second electrode lead 126 1s bent outward.
However, as illustrated in FIG. 5, the first electrode lead 124
may bent outward. Here, one end of the second electrode
lead 12d may include the first inclined surface 17a to more
tacilitate complete detachment of the first and second elec-
trode leads 12¢ and 124

Furthermore, although not shown, all of the other end of
the first electrode lead 12a and one end of the second
clectrode lead 126 may include the first inclined surfaces 12,
respectively. Furthermore, although not shown, all of the
other end of the first electrode lead 12a and one end of the
second electrode lead 126 may include the first inclined
surfaces 12, respectively.

According to further another embodiment of the present
invention, since the other end of the first electrode lead 12¢
does not include the first inclined surface 174, 1t 1s preferable
that the second inclined surface 18 1s not provided on the
step compensation part 16. Thus, as illustrated in FIG. 12,
although step compensation parts 16/ and 12g are provided
in plurality, the plurality of step compensation parts 16/ and
162 may have the same length. Thus, one end of each of the
plurality of step compensation pats 16/ and 162 may contact
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the other end of the first electrode lead 12¢, and thus, the gap
may not be generated. As a result, the bonding force between
the first electrode lead 12¢, the step compensation part 16,
and the msulation part 14 may not be deteriorated.

Those with ordinary skill in the technical field of the
present invention pertains will be understood that the present
invention can be carried out 1n other specific forms without
changing the technical 1dea or essential features. Therelore,
the above-disclosed embodiments are to be considered illus-
trative and not restrictive. Accordingly, the scope of the
present mvention 1s defined by the appended claims rather
than the foregoing description and the exemplary embodi-
ments described therein. Various modifications made within
the meaning of an equivalent of the claims of the invention
and within the claims are to be regarded to be 1n the scope
of the present invention.

The mvention claimed 1s:

1. A pouch type secondary battery, comprising;:

an electrode assembly comprising a positive electrode, a
separator, and a negative electrode layered such that the
separator 1s between the positive electrode and the
negative electrode;

a battery case having a pouch shape to accommodate the
clectrode assembly therein;

an electrode tab connected to the electrode assembly and
protruding from one side of the electrode assembly;

a first electrode lead having one end connected to the
electrode tab;

a second electrode lead having one end connected to the
other end of the first electrode lead and the other end
protruding to an outside of the battery case;

a connection part bonding the first electrode lead to the
second electrode lead to connect the first and second
electrode leads to each other, and

a step compensation part disposed on a side of the other
end of the first electrode lead,

wherein a first inclined surface 1s provided on at least one
of the other end of the first electrode lead and the one
end of the second electrode lead,

wherein the step compensation part includes a plurality of
step compensation parts,

wherein the first inclined surface 1s provided on the other
end of the first electrode lead, and each of the plurality
of step compensation parts has one end contacting the
first inclined surface 1n a state 1n which the plurality of
step compensation parts are laminated, and

wherein the plurality of step compensation parts increase
in length 1n order of the lamination to correspond to an
inclined angle of the first inclined surface.

2. The pouch type secondary battery of claim 1, wherein

the step compensation part 1s integrally provided.

3. The pouch type secondary battery of claim 1, wherein
the first inclined surface 1s provided on the other end of the
first electrode lead, and a second inclined surface 1s provided
on one end of the step compensation part.

4. The pouch type secondary battery of claim 3, wherein
the second inclined surface has an inclination corresponding
to the first inclined surface.

5. The pouch type secondary battery of claim 3, wherein
the second inclined surface contacts the first inclined sur-
face.

6. The pouch type secondary battery of claim 1, wherein
the step compensation part has non-conductivity 1s non-
conductive.

7. The pouch type secondary battery of claim 1, wherein
the step compensation part has a thickness corresponding to
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the sum of a thickness of the first electrode lead and a
thickness of the connection part.

8. The pouch type secondary battery of claim 1, wherein
the first inclined surface has an obtuse angle with respect to
a bonding surface on which the first electrode lead and the
second electrode lead are bonded to each other through the
connection part.

9. The pouch type secondary battery of claim 1, further
comprising an insulation part surrounding a portion of each
of the first and second electrode leads to allow the first and
second electrode leads to be bonded to the battery case.

10. The pouch type secondary battery of claim 9, wherein
a bonding force between each of the first and second
clectrode leads and the connection part 1s less than that
between each of the first and second electrode leads and the
insulation part.

11. The pouch type secondary battery of claim 9, wherein
the isulation part surrounds a portion at which the first and
second electrode leads are connected to each other through
the connection part.

12. The pouch type secondary battery of claim 9, wherein
the insulation part includes at least one of a thermoplastic
resin, a thermosetting resin, and a photocurable resin.

13. The pouch type secondary battery of claim 1, wherein
the connection part includes a conductive polymer compris-
ing a conductive material.

14. The pouch type secondary battery of claim 1, wherein
the connection part has a thickness of 1 um to 500 um.
15. A pouch type secondary battery, comprising;:

a battery case having a pouch shape;

a first electrode lead having a first end within the battery
case;

a second electrode lead having a first end electrically
connected to a second end of the first electrode lead and

a second end extending outside of the battery case; and
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a step compensation part on a side of the second end of the

first electrode lead,

wherein a first inclined surface 1s provided on at least one

of the second end of the first electrode lead and the first
end of the second electrode lead,

wherein the step compensation part includes a plurality of

step compensation parts,

wherein the first inclined surface 1s provided on the other

end of the first electrode lead, and each of the plurality
of step compensation parts has one end contacting the
first inclined surface 1n a state 1n which the plurality of
step compensation parts are laminated, and

wherein the plurality of step compensation parts increase

in length 1n order of the lamination to correspond to an
inclined angle of the first inclined surface.

16. The pouch type secondary battery of claim 15,
wherein the battery case includes a first insulating layer and
a second insulating layer configured to seal the battery case
around the first and second electrode leads,

wherein the first insulating layer 1s bonded to the first

clectrode lead at a location adjacent to the electrical
connection between the first and second electrode
leads, and

wherein the second insulating layer 1s bonded to the

second electrode lead at a location adjacent to the
electrical connection between the first and second elec-
trode leads.

17. The pouch type secondary battery of claim 16,
wherein a bonding force between the first electrode lead and
the first msulating layer and a bonding force between the
second electrode lead and the second insulating layer are
cach stronger than a bonding force of the electrical connec-
tion between the first and second electrode leads.
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